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Based on simple phenomenological Lagrangians, fulﬁlling reasonable consistency conditions, we consider
under which circumstances the production of a single particle might be an early signal of new physics
at the LHC. Effective ﬁnal states are γ γ and γ + jet already with tens of inverse picobarns of integrated
luminosity at 7 TeV.
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1. Introduction
The beginning of LHC operation at half the foreseen center-of-mass energy and with an unavoidably low initial luminosity brings the
focus on possible signals of new physics that might show up at all in the early stages of operation. Model-building prejudices normally
play an important role in determining the search strategies. While this is understandable, here we set aside such prejudices as much
as possible. We base our considerations on simple phenomenological Lagrangians, fulﬁlling reasonable consistency conditions. We are
generally guided by the possible existence of composite states produced by a putative strong dynamics responsible for ElectroWeak
Symmetry Breaking (EWSB), but we aim mostly at a neat and simple deﬁnition of the interactions responsible for the signals under
discussion. We think that this should also represent an appropriate guide in the presentation of the experimental results, to maximize
their usefulness for any subsequent consideration.
Single production of a relatively narrow resonance is the most obvious candidate for a copious source of new physics signals in the
early stages of LHC operation. Very much studied is the case of a vector resonance produced in the qq¯-channel, either neutral or charged,
with its leptonic decay modes [1,2]. In fact, the multiplicity of partonic channels in a pp collider makes several different cases possible.
As a matter of fact, in the competition with the Tevatron with its integrated luminosity already available, the qq¯-channel is deﬁnitely
less favourable relative to the quark–quark, quark–gluon and gluon–gluon channels in view of the corresponding parton luminosities. We
therefore concentrate our attention to these channels. If one considers in each of them the lowest possible spin and the lowest possible
QCD representation, for matter of simplicity, the cases of interest are:
• gg-channel: a spinless totally neutral scalar S;
• qg-channel: a J = 1/2 colour-triplet “heavy quark”, either “U ” or “D”;
• qq-channel: a spinless colour-triplet or colour-sextet φ, with various possible charges.
We assume that one single new particle is available at a time, which therefore can only decay into Standard Model (SM) particles. We
concentrate our attention to the ﬁrst two cases, since the scalar triplet, or sextet [3], can only decay into a pair of jets, consistently with
known constraints, whereas we ﬁnd relatively more promising the ﬁnal states containing at least one photon. The resonance in the qq
channel suffers also of problems with ﬂavour physics (see below).
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260 R. Barbieri, R. Torre / Physics Letters B 695 (2011) 259–263Fig. 1. Branching ratios as functions of the scalar mass MS for ci = 1.
2. Neutral scalar singlet S
The reference Lagrangian that we adopt is the following,
LS = c3 g
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where Λ is an energy scale, the ci , i = 1,2,3, f , are dimensionless coeﬃcients and f is any SM fermion, of mass m f . S is a scalar of
mass MS , totally neutral under the SM gauge group. A coupling of S to the Higgs doublet of the form mS SH+H could also be present, as
it would actually be induced by radiative corrections. In a wide range of MS and Λ it is however consistent to assume that such coupling
is irrelevant.
The two body widths of S are given by
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with the corresponding branching ratios shown in Fig. 1 as functions of MS for all ci = 1, which we take as reference case. The total
width of S scales as 1/Λ2. Λ is an arbitrary mass parameter, which we take for illustrative purposes at 3 TeV, reminiscent of a new strong
interaction at Λ ≈ 4π v , possibly responsible for EWSB. If S was a composite particle in (2.1) by the strong dynamics, Naive Dimensional
Analysis (NDA) [4,5] would suggest ci ≈ 1/4π . Larger values could however arise from large N and/or from more drastic assumptions
about the nature of the gauge bosons. For Λ = 3 TeV and ci = 1, ΓS goes from about 10 GeV at MS = 500 GeV to about 250 GeV for
MS = 1.5 TeV.
We have made a preliminary study of the sensitivity to the search for S in the di- jet , γ γ and γ Z channels. The results for the ﬁrst
two cases are illustrated in Fig. 2 for MS = 0.5 and MS = 1 TeV respectively. While it appears diﬃcult to see an emerging signal in the
di- jet ﬁnal state, taking into account of systematic uncertainties, a discovery looks possible in the γ γ channel with a modest luminosity
of about 10–100 pb−1, as illustrated in Fig. 3. In the case of γ Z channel one would have to pay for an extra factor of about 20–40 in the
needed luminosity.
All this is trivially extendible to arbitrary values of Λ and ci . For a given integrated luminosity the absence of signal in γ γ , assuming
the dominance of S → gg , is easily translated in a lower bound on Λ/(c1 + c2).
R. Barbieri, R. Torre / Physics Letters B 695 (2011) 259–263 261Fig. 2. Signals of a 500 GeV (blue) and 1 TeV (red) scalar singlet S in the di- jet (left panel) and γ γ (right panel) invariant mass distributions vs the SM background at the
early LHC (
√
s = 7 TeV). Λ = 3 TeV, ci = 1. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this Letter.)
Fig. 3. Number of events for
∫ Ldt = 1 pb−1 at LHC (7 TeV) with γ γ invariant mass greater than M0(γ ,γ ) for a 500 GeV (left panel) and a 1 TeV (right panel) scalar
singlet S . Λ = 3 TeV, ci = 1.
3. Heavy quark U
In analogy with (2.1), to describe the interactions of a heavy U -type quark of mass MU with the SM particles we consider the interac-
tion Lagrangian
LU = cG gS
Λ
U¯ Lσ
μν T auRG
a
μν + cB
g′
Λ
U¯ Lσ
μνuR Bμν + h.c., (3.1)
where σμν = i/2[γ μ,γ ν ] and T a are the generators of the fundamental representation of SU(3) (T a = λa/2). U transforms therefore as a
(3,1)2/3 of the SM gauge group. As in the case of the scalar S , U could be a composite state by a strong dynamics responsible for EWSB,
in which case NDA suggests Λ ≈ 4π v ≈ 3 TeV and cG ≈ cB ≈ 1/4π .
Note that the Lagrangian (3.1) does not break the chirality of the standard u-quark, which is crucial to preserve its lightness. A problem
with ﬂavour arises, however, since we pretend that U couples to the physical standard u-quark but has no (signiﬁcant) coupling to the
c-quark, not to cause unobserved C = 2 ﬂavour changing effects. In other words the coupling in (3.1) would have to be particularly
aligned with the standard Yukawa matrix for the up-type quarks. While this is not excluded, a neater way to get around this problem
would be to introduce three U -ﬁelds, one per generation, and assume that the Lagrangian (3.1) respects a global SU(3)R acting on the
standard three up-type quarks. In either case the following considerations apply.1
To study the sensitivity to U , as in the case of the singlet S we consider the reference values Λ = 3 TeV and cG = cB = 1. The two
body widths of U are given by
Γ (U → ug) = 4αSM
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1 Analogous considerations hold for the scalar states in the qq-channel. For example in the case of the uu-channel one would have to introduce a SU(3)R -sextet of highly
degenerated φ ’s.
262 R. Barbieri, R. Torre / Physics Letters B 695 (2011) 259–263Fig. 4. Signals of a 500 GeV (blue), 1 TeV (red) and 1.5 TeV (green) heavy quark in the di- jet (left panel) and γ + jet (right panel) invariant mass distribution vs. the SM
background at the early LHC (
√
s = 7 TeV). Λ = 3 TeV, ci = 1. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of
this Letter.)
Fig. 5. Number of events for
∫ Ldt = 1 pb−1 at LHC (7 TeV) with γ + jet invariant mass greater than M0(γ , j) for a 500 GeV (top left panel), a 1 TeV (top right panel) and
a 1.5 TeV (bottom left panel) heavy quark. Λ = 3 TeV, ci = 1.
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so that the total width,
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ranges from about 2 GeV to about 30 GeV for MU = 0.5 to MU = 1.5 TeV. Almost irrespective of the U mass, the dominant ug decay
mode has a branching ratio of about 92%, whereas the uγ and uZ modes have BRs of about 6% and 2% respectively.
As in the case of S , we have made a preliminary study of the sensitivity to the search for the heavy U in the di- jet , γ + jet and Z + jet
channels. The results for the ﬁrst two cases are illustrated in Fig. 4 for MU = 0.5, 1 and 1.5 TeV respectively. While it appears diﬃcult to
see an emerging signal in the di- jet ﬁnal state, taking into account of systematic uncertainties, a discovery looks possible in the γ + jet
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hundreds of inverse picobarns.
4. Conclusions
The lack so far of a thorough experimental exploration of the energy range at or well above the Fermi scale, the most fundamental
scale in particle physics as presently known, calls for an open attitude in the expectation for possible signals of new physics. In turn this
has a twofold general implication. On one side one must be ready for surprises. On the other side it is essential that the experimental
results be analysed and presented in the neatest possible way with a minimum of biases.
In this work we have attempted to apply this attitude to the discussion of possible signals of new physics in the early stages of LHC
operation, concentrating our attention to the production of a relatively narrow resonance that can compete with the well studied case
of a neutral vector. While we have generally in mind a possible composite state produced by a putative strong dynamics responsible for
EWSB, the important thing is that the interaction that produces one of these states be clearly and simply deﬁned. This is the case for the
phenomenological Lagrangians (2.1) and (3.1) with a single interaction term responsible for the production for the singlet scalar S or for
the triplet fermion U respectively.
With a suitable guess for the decay branching ratios we have found that ﬁnal states in a pair of photons for S or in a photon plus jet
for U may lead to detectable signals already with a few tens of picobarns of integrated luminosity at 7 TeV. For this to be the case we
may have used an optimistic value for the strength of the relevant couplings. While such values cannot in any case be excluded a priori
and, to the best of our knowledge, have not been excluded at the Tevatron so far, the progression of the integrated luminosity achievable
at the LHC can quickly explore fully relevant regions for these couplings. Meanwhile, with a deﬁned and simple single coupling for the
production of S or U , the experimental results for a narrow resonance in the γ γ or in the γ + jet channels can be usefully given as a
plot of dσ/dM · BR versus the invariant mass of the ﬁnal state channel. We think that the interpretation of a possible positive signal in
terms of more elaborate and more deﬁned theoretical models would be eased by this way of presenting the data.
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